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(57) Abstract 

A highly efficient method for clean 
machining a work only by hydroxide ions in 
ultrapure water without leaving any impurities on 
the surface of the work, or cleaning the surface 
of a work by completely removing minute 
impurity metals adhering to the 
surface.Readhesion of impurity metals is 
prevented by increasing the density of hydroxide 
ions and by quickly removing the reaction 
substances produced when impurity metals are 
bonded to hydroxide ions from the surface. A 
work and a high-pressure nozzle are opposed to 
each other at a predetermined interval in an 
ultrapure water bath. An ion exchange material 
or catalyst material for increasing hydroxide ions 
is disposed between the surface of the work and 
the end of the nozzle opposed to the work. A 
voltage is applied between the nozzle serving as 
a cathode and the work serving as an anode. 
Ultrapure water is jetted from the nozzle to form 
a high-speed shear flow near the surface of the 
work, and hence hydroxide ions are supplied to 

the surface. Thus, material removal or oxide coating formation can be effected by chemical elution or oxidation by hydroxide ions, or 
minute impurity metals adhering to the surface of a work are separated and removed. 
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m m * 

x^^^jpx^b< fcmt&mMmmi:Tz>z.i:tfT*%z>i}uj:j3mzM?%, 
j m2%w\z, &iz¥mteVJL/\m<D&m&w<Dmmm:m\z7kMitw^*>&mm 

mm:xu^^^^mm<Dmmmmiz^xwLm^K'DMmm^m^, 
v7^?n>mi&x<<DMftvw~Mmiitii2>\z'Dnx, mnim&mwnv&m 

20 snxo cfc -5 ttMtW&toJLmzmmmzm&vtiLW s> b&s- lt v> < jpx&t 

JDXKl<fcoTttinX<»fc^lS(B*^<^ffibTL*3fc«>, ajpx4»o#fttt» 
*«IHIIiiaoT<5, 

25 jpx, isifi^^s, ^tie»ospx^««e*o^ise<j?5:jnxi:«^tRgwtc, <fb 
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e:ne,cDjpx^tt, &lMJ:®tm?*-#Tafc¥Kmz&Qmmnj:%ft tit 

5 ^tfcEEM (Elastic Emission Machining) (#gfl¥ 1 -2 3 6 9 3 9 

^^XTCVM (Chemical Vaporization Machining ) (#Hfi¥ 1-12 5 8 

7X7CVMH, ^»E^9X^^T^bit5^*;Pi:«ljnX*t09^jtj;P 
10 £JS£#Jfl§LfcfcCDT, HH^— ^OjPXS^LTViSo 

^-^^ ttfilSO*«tinX^>«»fiJF«T?tt, «tt^JPX^tm»^ (NaC 
1, N a NO 3 , HF, HC1, HN0 3 , NaOH^OW tOi^bW 

ffiaf^ffltCcfcoTiBx^jiff-rstsnT^*. «»at*Mffl-rsisBD, 
*©«»i*T«ijnx%j^f5»E^n*^i:ttai^6n«:vi„ 
15 ^^t, *ffiRrjfT;p*utto«»aE-ett7KK'ffc^-i'^> (oh 

L/TVi«7KK:«fcoT'binxttt?*st©^tSD. Sfc^ifcWfcfcinxiiTtBte 

£*RU 1 0 - 5 8 2 3 6^#fcT, «H^^r»ra*TiG'»&IS*#jB*fi 

20 o^mim^ ^>(Dmmm±vitmm^\zmmhtcm.mjLm^, im^m* 
zn\z£v, mm^<D^m<m^^>^mmvxmj:miz^m^}^m^u^m 
l^ffifc^vin o- ? mo 1 / immx$>z>z.£tem%\<Dmmx'&K), 
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mmz<k^T*mt:M'i-*>®m$:m*-z j &Th-mx 1 o 3 ~i o 4 mmmx& 

■dX, itlttlmo 1/1 (IN) ©NaOHO-ft>fS0 1/ lO 4 ~l/ 

5 kju fc^ffi&^mwm&ft&Zo mz. *tm>itv^/\<Di&m\zft.v7s.>7n>* 
fcmm&vttmmzte, m-^yyit^miz^^m^. ^rc-tv>m<Dm^xm 

it^ffi&(Dm&izizwim&w<Dmm*m&m7?m&z&tcv > 
fefettt, &m&m&M±\zmfe<Dfots&±<Dmmmw!&mx'&&z£, 

Jfc*Wm^ZZ\£tfm®X&Z>Z\L*M,liiVtz(D-V&Z> 0 L^U Midi 

^ &nm-r% \z «^f+^t & # „ 
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5 *Jgteifin$"fr«££fcK:, 7KK^<^>til8^L'fc«*X'ftOJK : PSj$^^ 
KlftjXlB^ £ 21 £ \z£ o TJIDIM$±H SMS** (DfrmfcW'f * > 

ffi£LT*EE£BJJnU «JPX«I©«®jfi^fci«JE^/X;i/^&ij||tbfeje>fi* 

ckoTttx^o^jnx^L<tt^b^jp^jnx^-r^c:<h^#mi-r^M 
Mzfc * <&3KBft& -f * > fc J: § iiPX^j* &m±L L fc , 

20 Si7i" >SPX^T#, »X#/^@^J!z:ViM^{cfc>fcD¥M^^X««^^ 

«Kttnflfis^«»cjox*r«j:i:^"PiiBT»s. gafBWjEE^yx;i/fc<k 
x^^K^umxuT^^i, f%&vtctoj^fcm®M&muj:®}mm\zttMT% 

25 K±^bT^««i»W03ei«**07KBtft%i'^>k:J:§anx^j*fc < tntt, 
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oTigi^f,ji^iiisi, igizmL^mumm&mm-ZTtzoix, tnnimm 
i>mmmzm<tez> 0 mmtiyxj^z^^X'Z^t^mmo^zm^mn 
&$£±-v%2>fztb, uaummo^mw^mx^ d , -huc***^* v -tx<d 

5 SPX^pJ«gl?a5^COT, ffin*$:feZl±Z>tctb<D^ir '^OT^ffifeTggT^ 

10 ±\zmm£wm^*x<Dtoi:&v!m-e& o> H^MTK^^^^-r^fcfejpx 

mEK±(Dmmm^mm^mm\zm-D Tfg&£i±<5 1 £ % 

±T©7K^{b^-i' ^->^^^«jp$-&^> z. tm^itm^mmvx-(^>^km<D 

**x<DM=gmz& zm&mxtem^-rz z\£t,mmummt^Mm&m>*^ 
\zm&Tz>zt&x%, v ^%m^Ltz ^m®&mt>mmwm <Dmm\z mnm? 
%z.£&®±v. m&*mmmxft? z.h^nmt^mm^(D7Y.m.im^^>\z 
&%m&^m*m&'tz>M.\z&z> 0 

fo&mmzmm&mtmmti ; xjpt&ttfecDmm&m^xmmv, mmnxm 
(DMum £ ^ tuznm? ^mts y xjioftrnmiz, 7^mitm-i ^>^mn^ 
z-t *>&mttmjztzMMtm*m-t. mmwm<Dmmm.m\z^mt! / xjifr 
mMvrzMM7k(Dmmmwrm&$££.zi±%£thiz. mm7K^^^^ntc7m 
25 <t®< *>*mifc&Mmm\zmmL, ^m^mmmiznmvrznr^mm^m 
fcrntw^ * > t (Dik^mmmRfo t mmmmmz & o xmmmmmfr e 
mm? % 1 1 1. \z, isifc»ii$gMii0ini:io xmm&Mm 
m \z num-r & z. £ & m± t tz z £ £ -? % MM7k # <d tym\ym< * > \z & 
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fotmmmmffiiz£ ^ xmm&mmmfr zmmrzt 1 t> \z, m^vrz^mm^ 
m&Mmmmm<Dmn\z£-3 xmm&m&m izmnrnTz z. t vrz z.t* 

10 mz, m2mwfc. MMTkvfrfrztezfo&mftizmm&ttotm&ijyxjit 
^m^omm^m^xmnv, mmai:m<Dmi:mttti\zMmT^mEE.tiyx 
)v<d ftwim iz, imut®^ * > *m jp $ -r * >3zmmxtemmttm £ m-t. 

i&mzmmtiy xm^mmvrzmm^ommmmm^m^^^^iiii^iz. m 
15 ffiTkfrzgii&znfzTkMim^ *>*&m&®iikm\z&®iv, ^m^m^mizn 
mvrzmm^mm^m^:, t<oit^mtaKmtmmmwrm\z 

van\z j:o xmm&mmm izmttm-tz z. t ^m±vrz z. t zmmtTzmm* 
*<D7km<k®^*>\z£z>ffi&jjm&miLisrzo 

20 z.tit>m2 5£BA\z&^T, mumm.ii / X)vom.mui)m^x^^> tif^ >v 
mm*-c%, &tzmmnwxv v hiLx-ftzt^-i >m&&T»%, ®.vt&®mw 
*fc^mmizt)tzr)~mzm&?zz£tfnjmT°&2>o $ztz, xmwvm&Jim 
~e«, mmmmjj y xji\z^^x^vrzmmmmm(D^mm\zm^m^mm 
u &&c&m^mmvrzi;m®&m*^tsmM**®M?%z.£fii, m^vrz 

25 ^m®&m&mm®mm\zmttm?2> z £*ffi±x%2><Dxfc&L ^ a 

&±.\zvTtz%w,2%m<Dmm**<D7kMit®'i *>iz<kz>m&jjmzj:nit. 

zmM-zn%MM7k(Dffin\z£^T&m&®mm\z®m&<mm-fz> ztiz&v^ 
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10 ft:5e:i:^&UOT»-5. 

$>Kis u)i$mmAM&^ 7<Dmmij ; X)v<Dmm\zm&m%:mistcmm> (b) 

^&M\zmm7k&mmisftm&<D]£t>tmmj&ft<D^*zi.u-^a >*s**wu 
(a) itzummmmft, (b) «ee*^» (c) ^R^^s^^^-ti-^n 

m 6 Ha. mm; X)\>fr zmujim&mxiz&m&mmmiz 2 mm©^ > y ?- 

(a) ttz^sfiflf^, (b) «jbe*^, (c) ttR^rifijjaflf^&^-n-en 
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io f&i iBfi 4 m* m> ^EU^f^oJiniWtt^l^ (a) ««»*flEK:»-r* 

So 

15 i^77TS5. 

»1 3H«, ^U3>^«fa<7>JnX«rffi&^U, (a) fcMjnXB$M& 3 0 ftlzm 

fevrznffi&mizttTzmfcmm-otf^ys (b)at^s§o. 6 5mA/c 

m 2 {c@^Lfcinxi^ra{c:M*rs^k^ff©^^7, (c) 0. 3 0 

mA/cm 2 s 0. eSmA/cm 2 , 1. 0 5mA/cm 2 Oi^C9^tipI 
20 ^l(I^t5!§#^I0^77tS5 = 

f&l 4 0ft ft«»i|BKZ)inX«ftt©S^8&*^*r^7 7T».-5. 

25 &<Dtf^ 7 '^5. 

5. 
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10 t< &T<Dmw<D±wft\z^<D%&m2ftw\zbmmT^2> 0 mz, m2mm\z 
te^xm i mm tmtzz z>o 

15 T^mit^^-y (oh-) mmuuxTm^ ^>n a oHm (Dnmm^tznx 
&<» mzMmfc^izioMm (2 st^&^ti o- 7 mo 1 / 1 ) 

20 m±isitTs mm\zmmt^tiftmmx<Dum<Dmx^n oz.tiz&z e ^x. 

»«<fcU $8djnx#>2 t#®bT«W3ttt* (i§J8E#/X;H) tGDRfm-f 

^z^^x^miimmim\zm^vxwiiMxmmm<D7^mim^^><Dmm^mibs 



WO 00/34995 



10 



PCT/JP99/06829 



=f-t.7m.\m< *>t <DWL<tfcmz & ^xmmj:mmm\zmmm^m^m^ 

nj^mmmiz^mr^mnj:mmi L \zMLX7^mtm^^>if}mm:'r^t. m 
mmniLwmTvn y ? # > k &fe& n?mmm& u ^> £ d m^ts^m < & 

& -5 £ i #fffiK $ nt 0 

Mxxft£&37M«K:*>£, &anx^®ia< \zmmznrc-( 
^y^mm^nmmmm^r^wiW^mxo\t^K^\z^x±i^'r^(Dx. 

\zm?:x%z><dx$>z> 0 *mm^*>*n*kis j &z><<(*>&mm<Dm 
w&munwmmizm^Tz, ^^^^mnnh^smx^^o ?mitm 
^*>*&&zi£z^ >*&mttm<DMmmtkx&2>m'&izte. mmmo® 

mtinntfmzx&Zo fit, TKSHbtK ^>©^«^cDaxA o ^^~^-^ 
X^jfrT & § ^ $ MRT Z> z. t tfi pJMx $> & , 

w, 1 bus, m 1 mM<Dmm**<D*mtwi-i *>iz£z>mj:j?® : *mmTz>tc 
®<Dmi:mw&ffimi>x7KV*i%(Dx$>r>^ ^m^zits m2M\z^r^o\z, 
mntexftmLtc&jzt) / x>v 1 ^jnx^ 2 <Dmm\zm.Mxmm^^xmm 

^zmm^yx)ii<D^mmmiz\t-i^r>^mmn4^mtif. tLxm 
mmmtf j x)v lzmmt vxmm 5 tgits ^ t % \z % maurn 2 *t*«# 
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^&%m&iztemmuj:M2&mmi:LTmm5\zwimmM-?z> 0 &rc, muzz 

itfcmmj:® 2 tf^mfc-v&zm&iztemmQj:® 2 ^iitixti 5 mi 
^mr^jLitmmnj:m2(D^mizmvrcmmizm l m5^mmT^ a mm 
5 y X)vi*mm®-7?$>z>m^\z\z. m^mttyxjiKD^izmmm^m 
m l tc ± izmm-f ■* >^mm 4 w %> t> <d t -? %> . 

^miz^-o^.Mmmmmtu-oxm.n^>o Mf&^*>3zmrm4x£.j$.t£tirz 
10 x^ift^mm^nrcmm^<Dmn\z^^xm\ij:m2<Dmm\zm^^n^ e ^ 

^t^LTAnx^^M^^^Lv ^M7jc^i'?^mxf»jnxti2 ommiztf 
mvrcmnK^mm^ mm*<Dnmwwm\z£^xmmfrz?&£znxi}uj:tf 

15 »x^2o^®^^b^i^^^-r^^b^^^nxi: 

0 (a) te, tulSi^H^/X;H tmffiftX&K). HufBigtffi □ 3 #*R?LT 
S^feOT^D, Clco^-&«JnXM±©M/hM^tc^< > b^#nX2g/^/&£n, 

^^j:m^mm^itxmaj:m 2 <Dmm^mm\z^^mmimj:xitn^nmi: 
20 «££^pm T £3 o ^3® (b) luBB^jE^yx;noMfB«m 
a 3 u v b?LT&3 t><7>T& o , c ©«^«*nx®±^^< >#;bnx*g/W 
$ n ^ipx#F 2 (omM £ ¥s t ^® iraix «9J HrfcnxT 5 £ t ^wr^T * s . 

*e«u ism^ j x>v 1 1 iaiR« 6 vmiztoiifcfoMM&^ifmmTkiimnz 
£-5\zLtz$><Dx$>z> a (b) \t. m^mstthx. zmxmz-i 
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gBMbfc z\z\x, m4m (b) <Dm®Am$"r -x-viz* ^mti/x 
)v i ^^jnx^j 2 id** l Tat^ tigs b , imm-h;X)vi <Dn&<D*&muz 

mm t mm m iz mm v rcnm iz & x * nmm l < &m m £ * x^mitm 

•f ^- > * £ j$ T 3 © T 35 3 , 

£Snx*rs©T&sa«* *nx^^w»WK«fc<fc-5i»*ipx-c*s*v 

®2mztfcT%m®miz&^xmw»!mx&%>. 
mz.mi &m\z. mm* y X)v i & 6je«*ft«jpx* 2 <D*nx® u 

*>&»£u «fc«fLVi«mx»2 ©*H3&«*ar*cJ:5fcUTjpxaflc*nje) 
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th^te, S X^CDftm* 0 . lmm<f>, 2 mm* t U /X;W$fc$gB£» 

5 m\Z^*r v yfii l mm©l§^ m6m\Z**y fffi 2 mm(0«tOiI$^U 
Jjfo<Dmn atJ4 5 Om/s) ^±L,T*5D («l5B(a)M). Z\<D%ttUZ 

mun^KD^mi&m mmi:mmm^^m7 5 wm) ^T&^isitL*:^ ^ 

!£$m*kLfzm (m5m (b) #^>, ^^i^oint iTiEc^i$n-5 
15 (^5^ ( C ) mm) a ¥njjfa<Dmn\t, muj:^mmizB-Dxmibxm<m^i 
\z$£$iVT&r) (m\mmmm^^m2 5 wmotsa), fe&nx#^®±<^i« 

20 »X^M±£>*;*:ii^£jg2te:> lOOm/s •tfm»f^nt 

25 ^^T^A"-^^ ^;P^O^^^Pp1^<J:^:§^^, PTFEXttSUSi©^ 

i'^^AX^^P-X^^UTftJXfflMMTK^APJEE-r^v'X^A^^fflLT^^o 
MM7k(DtoJ£M 1 1 , 1 2«2g<h&oT&D, -#0^7>yt-#>^l 0 



WO 00/34995 



PCT/JP99/06829 



n^A^H, 1 B^vxmmmmmi 1. 121:^1x^5. 
inijB jSMzR&s&jgg 1 6 a> s#jnjeE« ii, 12 K^en^?n/t;py 

17, 1 8*^L/T»«l/T^«. fit, fusE#2jnffig& 1 1, 12te, 
PTFEXteSUS$S{CDPjgffitl 9, 2 OTrt7Ktj®HB7jC5&^lH$tlT^D, MRi 
5 119, 2 0*jii;Tm*©£E*T?je«7K*iiq£EL^ #JPJE«1 1, 1 2 TSPJEE 
3nfcjH«7Kttn;P:/2 1, 2 2ft^UT-&«UTlWIB*JBE*/X;H 

n& 0 »ea;^i 4 iiPBE^i i ii<Dm\z.\itm*mn)v72 3#*, mbb 

10 So 

9?r, mumm^mmm 1 6 -era, ^ffii^^um^o^MTK^ig^n 

^©iElll, 1 2T^St©M7jc&^JE^€,^Offi^^T?JnffiL/, ft 
15 JE#/X;P 1 i:II6<il:SJE*0»$il&t5 J; ^ (iftoti^. 

— ^(Diaf£U 1 1 COlS^Ttt, A^14, 2 1£S§#, 2 3 

t?TJqJBEUfcTfr7K*HnjBE«l 1 ft\zmmis, RflqjESRl 1 ftTRSil 1 9^LT 

20 l/fc#Sfi«3Mfc*&g«l 6^6JWJBEaJl 2 ft^jgM7K£#M&ir So C^T, A* 
;P^2 4<£raViT*BJEE§Bl 2 ft £*^JEEK:BI Lfc^C, Wl8$Mt, jgjffi 

A;i/7l 5 SM^TinffifflSl 2F*3{CSniBEbfeTU7K$#li^L, jg^TK&APJEEU 
T^JEE*tCB*rSt, W2 2€Mt, AJ^2 1, 14&KD, A;i/^2 
25 3*i8^TinJBE^l H^©Ttf7K*^7KLTiDJBE»l 1 rt^ftffifcjfco fctft, A 
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1 0 UfU TSi5{c:X-Y-a^»i^^^i5bfc|g»jtiTOl 0 2*#U fin 

5 x« ioi tmmmmn 102 1 1 0 3 rosi® 

«»fcK»#i 0 5*mtf, *nte*inx&2SH£u mmm&ti /X)vi\z 

1 0 8\zemmmmi 0 9&»*rcir>*. tit, striatt»#i 0 5©t®k:h 
^tfcMasi 1 0 1 e mmmm 1 0 9\zmmvit^m^i 1 1 t^MteRi 

HI 0 3£^LTM®Si*T»£Wfc*t£-U X-Y-^I1^CJ;5M^ 
15 1 1, 1 1 0S^I/Tttff-&1 0 5tfilUT^5. Z\<D&? 

\Z, #IK»r3UcJ;oTSSJEE#yX;H ^KfiPX#/2i«X-Y-Z-0itt^|6](c 

H-m-V % 5 J; -5 \Zt£ 1 T Vi 5, 
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